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SUMMARY

The vertical-~control net in the U.5.S.R. developed very slowly during
the periad from 1847 to 1917 and little, if any, of that leveling was better
than third-order. Beginning in 1919 a serious attempt was ma:de to do level-
ing of modern quality. Progress was slow at first, instrumental equipment
was of inferior quality, observing routines were unduly complicated and the
arsa to be covered was very great.

However, considerable progress was made and up to World War Ii about
70,000 miles of First- and Second-order leveling had been completed.

Following World War 1l there was a real attempt to increase both accur-
acy and production. Instrumental equipment has been improved unti) it now
compares favorably with modern European equipment. By 1946 preparations
were being made for a general adjustment of the leveling net with elevations
based on a sea-level datum at Kronshtadt, except the leveling eastward at
Novosibdirsk which, for the time being at least, is based on mean sea level
at Vladivostok..

Probably owing to the great size of the Soviet territory, the circuits
are larger than in the U.S.A. and bench marks do not seem to have Leen es-
tablished as frequently along the lines of leveling.

However, although their vertical control net is not now as complete as
ours, the prospects are that because of their great interest in control level-
ing, the improvement of their instrumental equipment, and the constantly in-
creasing supply of trained personnel, it will not be long before their vertical-
control net, especially in European U.5.S.Re. will compare very favorably witn

that in the U.S.A.
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1. ANALYSIS OF SOVIET METHODS, PROCEDURES AND INSTRUMENTATION
A. HISTORICAL -SUMMARY

The history of leveling in the U.S.S.R. seems to have followed about
the same general pattern as in many other countries, including the U.S.A.
From a small beginning at or near the middle of the 19th century the level-
ing net developed slowly with no very great acceleration of pace until after
1917. Instrumental equipment in the beginning was, according to modern
standards, quite crude. Rabinovich (1) states that spirit levelirg was
undertaken as early as 1847 but that =ven as late as 1873-74, when the Kor-
pus Voyennykh Topografov (Corps of Military Topographers -- K.V.T.) leveled
between Moscow and Petersburg, the instruments used had a magnification of
only 6 to 8 diameters. From 1875 to 1877 a level having a magnification of
13 or 14 diameters was used. The leveling of these three years showed a
mean systematic error of + 0.9 mm. per km.; and a mean accidental error of
* 6.2 mm. per km. Such leveling would not qualify under the present speci-
fications as 3rd-order. By 1B8l, when a rather ambitious program was planned,
the levels in use had magnifications of approximately 40 diameters. These
magnifications have not been increased beyond 44X since that time.

The project planned about 1881 had four major objectives:

l. A line betwsen the Bsltlic and Black Seas,

2. Lines along railways near the parallels of 47°% and 52° north
latitude,

3. Lines along the shores of the Baltic and Black Seas and the
Sea of Azov to connect with tide stations, and

4. Along railways to the western border to connect with the
Middle-European leveling net.

Approved For Release 1999/09/01 : CIA-RDP79-00202A000100100001-5
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The results of the leveling from 1881 to 1893 were published in 1894.

At thie time the rate of progress began to increase. In 1893 the leveling
éotaled 13,000 km. From 1893 to 1917 the KVT completed 32,500 km., of
¥precise® leveling with a mean error of + 4.5 mm. per xm. This was a con-
siderable improvement in accuracy, dbut still not up 10 modern standards.

During 1913 the KVT undertook *leveling of high precision® aczording
to stundarde prescrited by the International Geodetic Arsociation which
limiteé the systematic error to + 0.3 mm. per km., snd the accidental error
te # 1.5 mm. per km. However, up to 1917, only one line of Hleveling of
high precisicn® had been completed; the line from Petersburg to the Black
Sea.

Using the term "precise leveling® as the equivalent of our "2nd-order
leveling® and "leveling of high precirion® as the equivaient of our "lst-
order leveling", the Russisns had in 1917 a total of 45,500 km. of “precise®
of "2nd-order® leveling.

During a 25~-year pericd following the Revolution, the Main Administration
of Geodesy end Cartography (GUGK) completed a totsl of 116,000 km. of leveling
of let- or 2nd-crder accurscy.

The leveling from 1847 to 1917 (2) was done by the KVI. The Revolutian
csused the suspension of leveling cperatione until March, 1818 when the VGU
(Vyesheye Geodezicheskoye Upravleniye = Higher Geodetic Admiristration) under-
took leveling of high precision. In September, 1926, the VGU was reorganized
and became the Geodezicheskiy Komitet (Geodetic Committec). In 1908, it be-
came the General Geodetic Committee of the VSNXh (H;gher Council of National
Econory). In 1G30 the General Geodetic Committee was reorgenized :nd becanme
the General Geodetic Administration. Then, in 1933, the General Geodetic

Adminietration was united with the Main Geological Administration &nd the
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name became "Main Geological-Hydro-Geodetic Administration® (Glavnoye

Geologo-Gidro~-Geodezicheskoye Upravieniye - GGGGU). This organization
wag given the supervision of geodetic work. In May, 1934, thie super-
vision was transferred to the Interdepartmental Geodetic Council. The
Government Geodetic Service, by resclution of the Council of Commisears
of the U,S5.S.R. of September 14, 1938, was made directly subordinate to

the Council of Commissars and later to the Councll of Ministers.

B. DEVELOPMENT OF INSTRUMENTAL EQUIPMENT

1. Leveling Instruments

Presumably the leveling instruments firat used for leveling of any
great pretense to precision were of foreign manufacture. Rabinovich (1)
refera to Wolfram's level in connectién with the leveling from 1875 to
1877. Yeliseyev (3) stetes that West European manufacturers of gecdetic
instruments were very much interested in the preservation of a market for
thelr instrumente in Bussla, Jjealously guarded their production secretr,
and closed their doors to Russisn scientists. The Russians, in turn, be-
gan the develcopment of their own production for the manufacture of various
sorts of geodetic equipment. In 1948 the only major item being imported
was invar.

From a study of Krasovekiy's textbook (4) it appears that the leveling
instrument in use in the U.S.S.R. in 1939 and illustrated on page 337 (Pig.
233) is egsentially a "wye" level in itp general features, although equipped
with a micrometer screw for the final control of the main bubble. This level
became stezndard about 1935 and is claimed to bhave superseded the instrument

pictures on page 336 (4) which was in prior use, 2 rather similar instrument.

Approved For Release 1999/09/01 : CIA-RDP79-00202A000100100001-5
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The instrumen%t in use after 1935 apvears to have a magnification of 36X to
40X, a focal length of thé telescope of about 40 cm., and an obje<tive about
40 mm,, in diameter. This makes the instrument roughly comparabl: in size
to the Cozst and Geodetic survey type level, although the sensitivity of
the dbudbble in the Sovist level is apparently about 5" wsr division while
the C, & 6. S. level is sensitive to " per divislon,

An instrument catalog (8) published in 1949 shows a rather coumplete
line of Soviet-made leveling instruments. The spec%ficatione and other che=r-
acteristics of the various levels illustrated in this reference huve been

assembled in tabular form as shown below:

T ____Desigpation___ [
Specification or Light
Characteristic NPG NA-1 NT NG ‘lountain
"Wya" or "Dumpy" tyve Dumpy Dumpy Wye Dumpy Yye
Equipved with plane-parallel
glass Yes Yzs Yo No Ho
Prisms or mirror for view-
ing bubble Prismg Prisms Mirror Prisms .Jeither
Bubbls image in field of
view Yas Yas No Yo Ao
Diameter of objective 55 mm 55 mm 34 mm 34 mm € mm
Magnification of telascove 44X Wiz 32X 31X 10X

Focal length of telascope 4310 mm 41l mm 314 mm 314 mm 316X

Stadia constant / 100 100 100 100 100
Field of View - horizontal 40! 401 600 501 | 30!
Field of View - vertical 601! 60! 601 601 901
Will focus from — %o m 3.5m 3.6 m 3 m 3 m

g
v

Approved For Release 1999/09/01 : CIA-RDP79-00202A000100100001-5
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Designation s
Specification or Light
Characteristic NPG NA-1 HT NG Mouptain

Main bubble, value of 2 mm 19" 1o" 17#-25% z8" e RL A
divigion
Circular level, value of
2 mm division : 100 21 71-15%  7'-15! i
Magnification of viewing
device for main bubble 26X ? None 1 Yone
Weizght of instrument 5.5 kg. 5.8 kg, 2.45 kg, 2.25 kg, .7 k&' "
Weight of tripod £.% ke, 7T ? L,O kg, “.! kg.

e

* Thig entry seems to be a blunder. Probably should be 1' inste.d of 1C°'.
It conld hardly be 10",

¥#% Tt geems peculiar that the light mountain level should be heaver than
both the HT and NG models.

¥o rods are listed or described in this catalog. Howevar, it would seem
reasonable to assume that, since the leveling instruments have be:n greatly
improved since 1939 (the date of Krasovskiy's text book) the rods might

also have been similarly improved since that time.

2, Rods

Little material seems t0 be available concerning the rods usad on the
earlier leveling. However, Krasovskiy (&4) shows a diarram of a vortion of
the face of the tyve of leveling rod used at the time that book wis written
(1939) and the essential features of the rod are s follows:

Cross-section about 4 x 6 cm.

Length 3 m.

Graduations are fine-line gradustions at 5 mm. intervals flanked by

alternate black and while centimeter spaces on the face of the red. The

Approved For Release 1999/09/01 : CIA-RDP79-00202A000100100001-5
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back of the rod has fine-line‘graduat;ons at 5.5 mm. Intervals flanked by
alternate rod and while spaces 11/10 cm, wida. An unusual featurs of these
rods is not the fact that they are paired but the fact the rod of each pair
bearing the odd numbsr has the zero of the graduations on the black side
set 10 cm. farther up from the actual physiecal foot of the rod than the
zero of the graduations on the blick side of thes rod bearing the 2ven num-
ber. The zeros of the red graduations rémainvat 2qual distances from the
actual physical foot of the rod. Additional information concerninz this
peculiarity in the rods will be found under ths heading, "Fisld Mathods."
(5ee Section D)

A spot or circular level is placed on the rod to insure accurats plunb-
ing of the rod whean in use.

Graduztions are apparently painted directly on the wonden roi. At the
0.5 1.5, and 2.5 m. marks on these rods there is inserted a small metal
plug bearing fine lines in the form of a plus sign. These are evidsntly
the standardization marks, the relative positions of which are chacked by
means of the scale discussed below,

It is difficult to understand why such inferior tyves of rod; wers
tolerated in attempting First- and/or 3scond-order leveling.

In an attempt to overconme this deficiency the Fussians apparently used
an accurately graduated scale, ejuinped with a magnifier, for freuent
checking of the rods in the fi2ld. While this may serve to correct the de.
ficlency of having the gradu=ztions directly on the wooden rod, it maxes
much extra work in the field checking of thes rods and must comnlicate the

field and office computations :-eriously.

Approved For Release 1999/09/01 : CIA-RDP79-00202A000100100001-5
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3. Auxiliary ¥guipment

Krasovskiy (4) shows a picture of an elaborate foot plate having a
weight of 5 ke, (about 11 or 12 lbs.); having three feet, a carrying handle,
znd two round-topped rrojections from the upper surface cn which :the rod
is placed for use. These tvrojsctions are of different lengths, anvarently
providing for the "double rodding"™ of a line if desired.

Other references in available literature speak of “turning pins". This
would éeem to indicate that the foot plate is nct always used.

Thermometers are carried by the observing parties but the rods do not
seem to have thermometers imbedded in them as is the case with the rods in

use by the U.,S5. Coest Geodetic Survey.

4. Datums

The leveling net of the U.S5.5.R. has developed gradually during the
pericd from 1847 to date and much of the early work has, of course, baen
repeated in an effort to increase uccuramcy. :Very little if any of the
leveling prior to 1917 was of sufficient accuracy to be useful in connection
with the later plans for the developmant of the leveling net of the U.S.¢.F,

There seem to have been at least four fundamental "zeros" in use up
to the present time and, of course, an unlmown number of less imp¢rtant or
supplementary datums for use more or léss temporarily,

The zero cf the gage ot Kronshtadt sesms to be the firet and most ir-
rortant datum. Whether cor not this means the actual physicsl "O¢ graduation
of the tide gaze at Kronshtadt or mean rea level nt Kronshtadt is comewhat
in doubt. Presumably,.me?n ser level at Kronshtadt.is the "zero" for this
datun but the doubt arises in & reference by Pavlov (5) where the following

infeormatlion is given. Tt was established thot:

Approved For Release 1999/09/01 : CIA-RDP79-00202A000100100001-5
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1, The Baltic 3ea 1s 1.573 m, higher than the Pacific Ocean, and

2. The zero of Kronshtadt's tide gage is.l.986 m. higher thin the
one in Vladivostol.

On the other hand, we would have to assume that mean sea leval at Kron-
shtadt would be the logical surface to use as a zero of elevations. In any
event the difference is 1.986 m. minus 1.873 n. = 0,093 m. This is not too
seriovs as & possible doubt or absolute elevations even if we assume it all
to be a doubt as to the Kronshtadt datum.

The reference (°) gives the further information that for lev:ling in
the Caucasus the level of the Black fea was accepted as the initial height
in accordance with observations at Poti, Novorossiysk, and Taganrog., (3ee
Vremennyy Katalog vysot maroi: Kavkazskoy nivelirnoy set, 1884-191% gg. --
"Preliminary Catalog of Markers of the Caucasus Leveling Net 1884-1915") (9)

Up to 1907, for leveling in the }iddle-Asia region the gero of the
barometer of the Tachkent Astronomicel and Physical Obiervatory w:.s accepted
as the datum. By 1910 this Obcervatory had been connected by spirit level-
ing to the mean levels of both the Baltic and Black Seas. In 1939 a new
adjustment of the Middle-fsia leveling was made by the Military-Topograohic
Section of Middle-4isia and the zero of the Kronshtadt tide gare wi.s accepted
ac the initial hsight.

The First Geodetic Conference of the Gosplan (April 19 - 22, 1926)
decided to compute all elevations from the zero of Kronshtadt's ti‘e gage.,
This action‘was confirmad by the Second Geodetic Conference of the Gosplan
(April 11 - 14, 1927).

In 1937 the GUGL ordered that all elevations in the territor; to the
east of Krasnoyarsk be trensferred to the level of the Pacific Ocean., Pre-

sumably this infers mean sez lavel at Vliadivostok.

Approved For Release 1999/09/01 : CIA-RDP79-00202A000100100001-5
8



T —"
- ﬁ o
Ny

S

Approved For Release 1999/09/01 : CIA-RDP79-00202A000100100001-5

For leveling in Western Belorusaia and Western Ukraine elevations were
referred to the level of "the Northern sea" and thase elevations vary from
those of the Catalog of l§3b by 15 cun. The algebraic sign of thic 15 cm.
difference is not apnarent from material at hand,

Elevatioﬁs in the territory received from Finland in 1940 were based
on thé mean level of the Baltic at Napde as an initial or zero height.

¥levations in Lithuapian 5S8R, Latvian SSR, Zstonian 3SR, Bestarabia
and Northern Bukovina were nof in agreenent with the datum used in the
Catalog of 1934, Material at hand dozs not give information as to numericel

size or algebraic sign of any of these datum differences.

C. <OVIYT INSTAUCTIONS FOR GENWEZERAL ADJUSTMENT

1. Cep=ral Provisiong

The need for bringing order cut of chacs regarding the variocus systems
of leveling must hnve long been recognized by the Sovieis. A refrorence (6)
in 1948 is entitled, "Basic Instructicns for General Adjustment of the
Leveling MNst of the TSSR."™ This document goes into very ereat detail but
the essential featuree are about as follows: (Number:z refer to scctions
of the original document &s itranslated.)

1. General edjustment is needed to =stablish a unified systenm of
elevations.

2, In accordance with the resolution of.the Council of l'ini sters of
the U,S.5.R.,, (No. 760 of April 7, 1946) the zero of ironshtadt's tide gage
must be the initial point for the adjustable portione of the basic leveling
net.

3. Orthometric corrections must be applied.

Approved For Release 1999/09/01 : C|C5A-RDP79-00202A0001oo1oooo1-5
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4. Adjustment to include leveling of first-order and second-order
accuracy.

5. The entire basic levesling net of the U,S.3.R. is (for acdjustment
purposes) to be divided into three parts:

a. The first part include§ all leveling west of the leveling line
from Kronshtadt, via Leningrad and !Moscow, to Sevastopol'. This leveling
is not to be included in the adjustment because of the necessity for re-
leveling many lines along which the bench marks were damaged or <destroyed
during World War II.

b. The second part includes the leveling erstward of the leveling
frow Kronshtadt, via Leningrad and Moscow, to Sevastopol?. This includes
the major portion of the Zuropean part of the U.S.:,2,, the Crhucasus, Western
Siberia, Kazakhstan and Middle-Asia. This leveling must be adjusted in
accordance with these instructions (6).

¢. The third part includes leveling ea.tward of Novosibirsk in
the territory of Zastern Siberia and the Far Zast. Because this sortion
of the net is connected with part two only by the one line of levels along
the Siberian Railway, this vortion of the net must b= adjusted aftsr the
leveling included in the second part.

Also, leveling in the district of Kolyms, which (1948) had not
been connected with the general net was to form a special case ani de
treated separately.

6. In selecting lines for inclusion in the general adjustment, not
only the quality of the leveling btut ulso the value cf the line to the rigid
framework was to be considsred.

7. The general adjurtment to be accomplished by the method .f least

sjuares,

Approved For Release 1999/09/01 : CIA-RDP79-00202A000100100001-5
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8. The weights assigned to the various lines and/or links in the net
were to correspond to the accuracy of the individuwal lines involvedl.

g, After :djustment the waights assignsd for the adjustment were to
be reviewed and, if necessary, new weights were to be ausigned ‘' nd a read-
Justment made. (Note: This has some of the ear narrs of "tinrering’ to
make the results come out the way yvou want then to. }

10. The genersl ndjustment was to be carried out by the Central Com-
vutaticn Department of the CUGl'. Decisions necessary during the rrogress
of thes work to be passed on by the TsNIIGA1K (Central Scientific Fessarch
Institute of Geodesy, Aerial Surveyins, and Cartography).

11. All comrautations to ve done in duplicate, aach computer working
independently. Also such other checks as control sums, etc., were to be
apolied whenever and wherever possible;

12, Computationé to be made in the classical order, on good paper,
in India ink, and legibly.

13. For convenience durlng future use, ccmpﬁtations were to be care-
fully systematized, arranged in logical order, indexed, and accomanied vy
a complete explanation of the chronology of the work, names of co-uters,
checiers, etc. The finished computations were to be bound in standard
covers ~nd inventoried.

14, TFirst- and seconi-order leveling within the loops or circuits of,
but not included in, the general adjnstment was to be fittad to the adjustad
frame work nfter the genersl cdjustment hnd been finished.

15. 2s = preliminary to all of ths abcve,.: vrogress sketeh or indsx
map was to be produced, at a scole of 1:2,500,000, for refzrence diuring =and

after the adjustment.

Approved For Release 1999/09/01 : CIA-RDP79-00202A000100100001-5
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2. Prevaratory Work

16. Central Com-utation “ectisn to gather, systematize, and “nalyse
the data concerning the levsling to be included in the general adjustment,

17. Zach line of levels must be evaluated separately to delzariaine
whether or not the accuracy actually attained was within specified tolerances,
Formulae for use in these evaluntion: are prascribed.

18. Provision is ﬁade for taking mean differences at 5r nezr jumctions
where check lsveling was run in stariine or trying ocut naw projects.

19. Provides for th> rejection of leveling vrior to 1917 arnd later
leveling of doubtful accuracy resulting from movement of bench marks.

20, Provides for the computaticn and apvnlication of orthometric cor-
rections prior to comoutation of circuit elosurez. Also refers to Suppnla-
ment Ho. 2 of the instructions in caies where gravity anomalies r2:uire
special computation of orthometric corrsctions by other than the asual
general formulas. Also provides for taking into account the "gravity of
the relief" in high-mountain areas.

21. Provides for preparation of tables of diffsrences of 2l:vation
or closures for the various lines, loops, and polygems. (Note: 'he dis-
tinction between a loop snd a solygon is not ciear. In our terminology we
refer to lin=s, links, and circuits. However, to try and match liopns and

links involves difficulties.)

3. Zvaluation of Precision of Results

pind

2. TFor the evalustion of th2 vrecision of the leveling, linss are
divided into rossibly six grours. sssignment of a partienlar line to =

specific group to depend on somz or all >f the following considerstions:

Approved For Release 1999/09/01 : CIA-RDP79-00202A000100100001-5
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A. Class or degrse of the leveling,

B. Perfermance of tield work under same instructions,

C. Similar Tield methods,

D. Similarit& of meteorclogical condition:; if necesssry, pay
atteation %o temperature gradisnts, using the schematic nap of zZenes of

" equal temperature gradisnts in Supolement No. 3,

E. Approxinats general diraction of line,

F. Conclusions from inspectivns, documents of OTK (Office of
Technical Control), =stc.,

G. The organization of the linas into appropriate grouings will
be checked with the TsNIITAIX,

23. Gives elaborate formulas for the comoputation of systematic and
accidental errors. ZIrrors to be computed for e:ch groun to which linegy
have bzen assigned. All this according to Sovizt theory and pracsice.

24, Gives similar formuwlas proposed by the Internaticnal Union of
Géodesy and Geophysics in order that results méy be compared with those
obtained in other countriss,

25. Provides for drawing for each line a graph on which distance along
the line is plotted alonz the ¥ axis .and accumulated divergences setween
forward and backward runnings is plotted against the Y axis. (Note: ‘Phis
appears t0 be sxactily the eyulvalent of a graphical showing of wh .t we call

the "accumulated B-F" or "accuwnulated partial.")

L, 4adjustment Comuutstions

26. After the orthometri:c corrections have bean computed and apvlied,

the discrepancies of the polygons are computed. (Note: This is tha same

Approved For Release 1999/09/01 : CIA-RDP79-00202A000100100001-5
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as computing circuit closures in our terminology or in British terminology
the "misclosures®™ of the loops or circuits.)

27. During the first adjustment of basic polygons (circuits) the net
is supposed to be frae and corrections (“Vs") are computed for lines or
links of uniforn accu&acy. However, if the laveling along any ors link (tae
leveling between two adjacent junction noints) is not of the same characiar
or accuracy the link is broken up in%o lines or vieces of lines according
to accuracy, wmethod, class, etc., and a "V" or corraction is connruated for
each component part of the link.

28 & 29, Provide for computations to obtain the waeights to ne assiensd
to eacn link or line which is to take a correction as & result of the adjust-
ment, Formulas‘for these computations are given.

30, After the formatiqn of the conditlon equations and the computation
of the weishts, (the results in tabular form would be our "table »f corra.
lates”) “normal correlats" cjuations (normal aquations, in our terminology)
ars formed. The mumerical solution of this system of ejuations results in
a series of factors for use in the computation of the Vs or correcztioms to
the lines and/or linizs and when these are computed and applied the various
circuits should close perfectly,

31, Inspection or investigation of suspicisus cases may result in
the necessity for chunges in some Previsusly assigned weights., 17 this be
done & new computation must be mads. such action must be authori-ed by the
TsNIIGAIK and decisions must be approved by the GUGK.

32. Corrections resulting from the final adjustmeat are distributed
uniformly along the links and/or lines in proportion to distances of the

individual bench mariss along the line to arrive at their adjusted elevations.
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33, Corrections are to be studied, with the TsHIICAIK participating,
to dstermine the effect ;f various factors or conditions on laveling results
and findings of this analysis are to be used as a basis for the study of
possible changes in organization and/or methods for the execution of ore-
cision leveling,

34, Provides Tor the computation of the meanesQuare error or certain

marks or groups of markxs located in various oarts of the net.

5. Compilation of Catalogs and Scientific-Techniecal Renorts

35. Provides for the comnilation of a catalog of the adjust:d level-
ing, according to vrescribed rulec, (Note: This catalog is apparently the
equivalent of our “lisps of bench mark descriptions and elevation..®)

36. Provides for the preparation-of the scientific-technical rejort.
(This revnort appears to bes aim2d at including information on what work was
done, quality of resulting elsvations, weichts assignad during th: adjust-
ment, the tables of equation:, statemsats concerning ths datum at Xromshtadt,
and the uses to which resuits should be put in handling additional leveliny:.
(Note: Huch of this material zppeafs to be duplication of what his already
developed during ths course of the adjustment computations).

Suoplement ° to the above-mentioned instructions nroviiss methods
and formulas for the computation of crthometric corrections in rezions or
areas where gravity anomalies are sufficisntly large and accuratsly enoush

deternined to warrant thes axtra refinement in the computations.

6. Additionsl Instructions

Certain additional vrovisionz for com-lyingz with the terms of Resolu-
tion Ho. 780, of April 7, 104f avpear to come from the =ame sourc:z as ths

above (#). They may be abstrrcted as follows:
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The general a&justment should include all accaptable levelins wp to
1946 and from then on all new levelins must be based on the resulting uni-
fied system of elevation@.

All new leveling is to be comvuted in the offices of the institutions
which carry on the field wori.

All toposraphic maps and catalogs issued, beginunin: with 194¢, must
carry statements concerning the systenm of altitudses or coordinate: wused.

In order to prepare leveling of the I or Il class for inclusion in
the general adjustment, new lines necessary in former occupied territory

must be completed by 19048,

Any levelinz done from 1876 to 1917 must be completely releveled before

being included in the basic net work. Leveling done from 1936 to 1941 must
be releveled only as may be necessary to reestablish destroyed bench marks,

In other cases leveling shall be admitted to the basic net if found

to be of sufficient nuality or when narts deficient in tuality are releveled

to bring them uwp to the proper accuracy standards.,

D, COVIZET FIZLD VETHODS

5pirit leveling in ths U,5.5.R. is classified, according to methods
used and accuracies specified, as First-class, Second-class, - - - to Pifth
Class.

The accuracy tolerances, as w2ll as they ean be tabulated from the

material at hand, are as follows: (1)
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Permissible Zrror

Orgiisifc’ihe | (mm. ver Im,)
Leveling Systematic Accidental
First + 0.33 + 1.0
Second + 0.4 +2.0
Third +0,3 + 4.0
Fourth + 2.0 +10.0
Fifth R -

Computed by means of the international formulas (Presurably
those of the Internmational Union of Geodesy and Geovhyelce, )
The spirit leveling is, as might bts expected, run in closed loops or
in continuous lines between sreviously established marks. Permissible 1loon
verimeters or lengths of linec between tie points, for the variéus clagsges

of leveling are:

Class or Allowable
Order of the Circuit or
Levelings Line Lensth (lon,)
FPiret 600 - 1200
Second 500 - 600
Third 200
Fourth 100
Fifth ——

Third-class leveling is specified for use along traverse lin:s for
determining grade or slope corrections to lengths measured with tapes, which

are not kept horizontal during the measurement:.
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It will be noticed that nc entries appear in ths two tables ¢iven abova
for Fifth-class leveling. Specifications were not available in the material
at hand, but it is probable that this class includes any form of leveling
of sufficient accuracy for local control of topograshic work and that the
limite of accuracy may be flexible andvdepend on the scale of the map to
be made, thz contout iﬁterval, and th= degree of remotensss from @«ny pre-
viously established control of the area to be sur#eyed.

Leveling lines of both First- and Second-class accuracies are anparently
run in both directions. This may be readily inferred from the fact that
if the Second-class leveling was run dnly in one direction it wquid be im-
possible to compute the accidental and systematic errors by means of the
prescribed formulas. Whether or not thes leveling of classes of accuracy
lowvsr than the second are run in both directions is not clea?. Probably
they ~re not, except‘perhaps under special conditions or on spur lines,

Up to 1939 no evidence appears in the material at hand that the Russians
made use of a vlane-parallel rlacss in front of the objective lens, as in
the Wild, Zeiss, and other levals now on the market.

Their observing routine was quite elaborate and may bs stated as
followy:

Kach vointing or rod reading rejuires the following observztions and
entries:

1., Rezd 2nd record the vosition of both ends of the bubble,

2. Read and record the vositicns of the three horizontal wires
as seen on the rod, and

3. Read and record the position of both ends of the bubble,
Zach cetup or instrument statidn requires four pointings or rod read-
ings, each made according to the above-cutlined procedure, and ir the fol-

lowing order:

|
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1. Pead the black side of the back rod,
2. BRead the black side c¢f the forward rod,

3. Read the red side of the forward rod, and

I

. Read the red sids :f the back rod,

Also, beiween the completion of the seccnd pointing and before begin-
ning the third pointing the tripod is tapp=d smartly enough to cauce a sli~ht
movement of the bubble alénx the tube.

The black side of the leveling rod is graduated in metere, dacimetars,
and centimeters and the wire readings are made by estimation to the nearest
milliweter in each case. Corrected rean readings are carried out to tenth:
of millimeters:.

The red side of the leveling rod is graduated in units of 10% greater
size than those on the bluck side. Thus, a reading or 2 differsn-e observed
on the red graduztions must be increzsad by 10% to corresvond té the same
reading or difference oiserved on the black gradustions. Thic sisuvation
1s further complicated by the fact that, as pointed out under “Davelopmznt
of Instrumentel *quipment” (B) the zero of thé black craduations sn the
odd-numbered rod of each pair is set 10 cm. further above the sectiml physi-
cal foot of the rod than are the zeros of the red sides and the cther black
side.

In the field, the check on the readines is attained by éettiny down
the difference of the mean readings (red side) for the backsisnt ~nd fore-
sight at any one setup, increasing that by 10%, then correcting b 100.0 mr.,
and comparing the recsult with the directly deternined difference f the

mean rezdings on the black side.
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Now, if the rods are allowed to remain each on its own turnirg neint,
the arbitrary 100.0 mm.,’introduced by the arbitrary dislocation c¢f one of
the black zeros from its normel vosition, balances out at the end of every
even numbered setup along the line. However, a section run on the black
and havins an odd number of setups will require an arbitrary correction of
100.0 mm.

The fact, that zt some time bestw=2en 1939 and 1649 instrument: having
plane-parallel glesses in front of the objective lenses were browht intc
use, has probably had = marked effect on the detuils of the cbgerving rou-
tine. We cannot learn; from the material at hand, what changes (if any)

have been made,

Z. BIZHCH MARKS

Bench marks are, of cours:, get to preserve the elevations determined.
Apvarently the marks ﬁre rot set as fresquently along their lines nf levels
as is the case in the United States of America. In the U,5.5.R, the mintsum
distance between bench marks seems t¢ be from 1 to 2 km., with th> maxioum
distance running up to 10 kn. or more. On the other hand, in the U,S.4,
the average distance between bench marks must be one mile or less and the
maximm distance in difficult cases cnly about double the averapge distance.

The chzracter of bench marks in the U.S.5.K, seems to run about the
game zs in the U.3,2,, except that the Russions provide (theoretizally, at
lea-t) for more of the elaborate type of mark which might be called a fundn.-
ment=l bench marlk and which h: s both o surface and underground mark. The

Corps of Zngineerc, 1.5, irmy, vsed rnd may still use what were kncwn as

Approved For Release 1999/09/01 : CIA-RDP79-00202A000100100001-5
20



R
Approved For Release 1999/09/01 : CIA-RDP79-00202A000100100001-5

"pipe;stone“ marks in the Hiésissippi and Missouri Valleys., These would

be the nearest Amsrican anroroach to the elaborate affair provided for in

the U,2.5.B., except for those used in Canada and which resemble rore closely
those of the Russians.

Metal tablets of the samé general character os thoce used in the U,¢ . %,
are used 7uite generally in the U,3,5.R, The chief differences are, of
course, in the inscriptions and the design of the shanics., The sh:n'zs of
the Soviet tablets apparently recuire lathe work during vroduction while
in the U.S.4. the design of the shanks of the various tablets is vuch that
no lathe work is reiuired in bringing the chanks to their final shapes.
However, the Russian marks, after they have been set, wouvld look rather lile
the similar marks in the U,S8.A. except for the languape ucred in the inseric-

tions or legends which are cast in or stamped on them.

F. TRIGONMSTRICAL LZVELING

In the Soviet literature =t hand, the term for what we in the U,S.A.
call trigroncmetriczl or vertical-angle leveling is "reodetic leveling.®
This may cause confusion because in the U,S.A. there is a growing tendency
to refer to spirit leveling of First., second-, and sometimes Third-order
accuoracy as "geodetic leveling” while the game sort of leveling in Russin
ig ¢ 1led "geometrical leveling."

In the U,5.S,R, elevaiions are carried through the triangulation schames
and along traverses by nmesns of vertical-angle levelin;:, though tiiey do not
claim to‘attain any unusw:l accuracy in this work. Zrrors as lare s 1

meter may occur in triangulation lines as short as 10 km.
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Rlevations determined by vertical-angle leveling are not as a rule
published in the catalogs of bench marks whose elevations are determined
by means of spirit leveling but are included in the rubdlications giving the

results of the triangulation.

G. BARCHMETRIC LaEVELIRG

In isoléted regions at great distances from previously established ver-
tical control, barometric leveling must be depended on for the establishmert
of temporary datums and for local control in the prcduction of smell scale
maps. Even fairly long series of bérometric observations cannot be devended
on to giye accuracies much betiler than vertical-angle loveling. Iarometric
leveling is a sort of ®"court of last rscort" when conditions are cuch that

nothing better is or can be made available at the time.

. - »
oy
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APPZNDIX I

GENZRAL STATUS OF LEVILING IN THE U.S.S.R.

A, GENERAL 3TATEMENT

The general status of Soviet leveling of first and second class is
described in cource (7) of 1944, which contains a definite statement of the
status of 1944, Another sourcs dated 1948 (1) also contains a mar showing
ths status of leveling. One might gquite naturally assume that th-o s latter
would refer to tha date of rublication but, as a matter of fact, “hs conients
of the two mans are identical.

The map which wos publishad in source (2) is revroduced es Firure 1

of this report. It is sunposed to indicate the work carried out "y the

GUGK -~ Fir:t-class and second-class leveling
VTU - econd-class leveling
Other agencies - econd class

Analysis of this map is difficult because of the dsncity of leveling
lines in the Zurovean U.S.S.R. area and because the scale of the map is so
small, Howaver, some general conclusions may be formulated from inspection
of the map:

(a) The first class leveliing is done only by the GUGK. This cir-
cumstance can be ectablished from the :ap in sonrce (1) where fir:t-class
leveling lines are more clearly distinsuished fhan they are on source (2)}.

Leveling verforned outside of the boundaries aof the Zurovean ocart of
the Union up to 1944 hsd zosarently been restricted to lines along the

following railroads:
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Vladivostok - Khabarovsk
Irkutelk - Chelyabinsk
Chitanlov - Tachkent
Tashitent - Hary

(b) "The other agenéies“ besidss the GUGE and the VIU account for only
a snall fraction of second-class leveling, scarcsly exceneding 1,020 kilonesars.
The following sections done by these ngenciec uzy be identified z-:

Magadan - Kolyme River
Northern portions of the Ural Hountoins
Short Line north of the Crinea

The first line, alon: u rouie betwzen .agadan and the Yolyma Hiver is
in a region of concaniration camps and this leveling waé probabiy'carried
out by the Dalstroy; tﬁat is, by the Administration of Corrective Labdor
Camps., It is also interesting to note that this levelins was ext:nded by
the GUGH westward to the Indigirka. It is possible that a similar explana.--
tion nay bve awvolied to the Worthsrn Ural leveling,

At any rate, it is clesar that of the total 177, 550 xilomater:; of firqt-
and second-class leveling, at ienst 115,950 kilometers can be definitely
assign=d to worl: by the GUGH and at leact 10,000 kilometers of tha- remaind: r,
to the VTU.

(c) Of the second-class levaling in tas Asiatic vart of the Union,
the following linizs are eunecially interesting:

Erasnoyarsic - Sustuary of the Yanisey Niver, along the Y-:nigey
Tayshet - Yalmitel:r, aleng the Lenn River
3kovrodon~, on the 3iberinn r&ilroad‘to Yakut sk

Khabarovsk - likolayev.k, along the Amur River
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Novosgibirsk - Alma nta
Hovozihirsk - Ashikhabad
Chelyabinsk - Gur'yev

(d) The fact that leveling is vooriy developed in the Aisiatic vortion
of the U.J.5.3. is vary striking., Up to 1044, first-class leveling did not
exist there sven alon: th2 railrsads. Horthern portions were alms:t un-
touched by szcond-class laveling, Ons night expect that the oviats have
done somethingz about this situation by this tinme.

Apparently the LGoviats have done just this. Hvidsnce for this state-
ment may be found in the chaptzr on Ceolesy in Volume 10 of the soviet Hiw
cyclopedia, oublisned in 105z, in which i% is said thut the exteni of first
and second class in the U...3.7. in 1950 wag 150,000 kilometers. If we

- compare these fisures with those of 194, we find that the Soviets in six
vears huave mecgurad about 73,000 kilometars of'first- and second-zlass
levaling. This worl: might well have been done %o a sr2at degree in the
Lsiatic portions of the country whgre the network is least compleia, In
all probability all of the main siberian rivers, the Ob', Lena, Indigirke,
Kolyma and Anadyr, in addition to the Yenisey, have bheen covered by leveling
of second class

B, CTATUS OF PREZCL.T LEVALIUG I THF U.3.5

12
D eile

No detailed infTormation on the stalus of leveling covering all work
in the U,5.05.%. has been founi. The general statement (2) indfcale: the

following figures for work carried out by the CGUGH:
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Leveling 1lst and 2nd order 1919-1974 1,750 km
1925-1929 13,500

1930-1934 21,100

1935-1938 26,800 "

1939-1943 32,500 1L

Potal 115,950 im

To these should be added -leveling of 1lst and ?nd order carried out by
other (unspecifisd) agencies, making the total for the ysars 1919-1943,
127,550 lam.

In the same source feﬁ details aras ziven for some of the precision

leveling carrisd out by the GUGK, as follows:

1921-1933
Errors per 1 'm
Link Year Accidental Systemnatic
1, Gorbachevo-Bozoyavlengk-Yakhontovo 1925 0.4 nm .78 mm
2. Bogoyavlensk-Michurinsk-Platonovka 1928 0,7 0.8
3. Bogoyavlensk-Ryazan' © 1926 0.2 0.,i?
L, Penza-Ruzayevka 1927 0.6 C.)8
5. Atkarsk-Penza 1924 0.6 0,1i0
6. Debal'!tsevo-Zvarevo 1929 0.7 0,7
7. Durasovka-Linevo Ozero 1923 0.5 0.
8, Yershov-Urbakh 1324 0,3 nm 0,04 mm
1933-1937
Errory oer 1 km
Link Year Lenzth  Accidantal Systematic
1. N. Dobrinia-Zel'mn 1933 101 klm 1,12 mm 0.15 nm
2. Vaukovo-Kaluga 1937 163 1.58 0,13
3. Tiberda-Sukhunmi 1933 150 1.55 0.
4, UYlan-Ude-Kyakhta 1937 232 1.28 0.7
5. Bazhencvo-Yalutorovsk 1934-. 191 1,00 0.12
-1935 154 1.23 0.12
6, Barnaul-Kamen' 1937 212 1.18 0.7
7. Barnaul-Pokot! 1833 213 1.08 C 0,12
1.55 0,17
8. Vapnyarka-Peregonovka 1935 293 1.43 0.23
1.71 -
1.10 0.26
2,70 -

< 4
. T
b
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Errors per 1 km

Link Year Lsength Accidental Systematic
9. Zelenchuk-suxhumi . 1933 343 k1lm 1.45 mm ¢.10 mm
v 1.57 0.34
10. Kamyshin-Nikolayevka 19373 - 0.62 ¢.09
11, Xulunda-Pevlodar 1933 138 1,07 ¢.oz
12, Sharzhash-Kurgan 1633 361 .70 0.03
13. Lokat'-emipalatinsk 1933 121 1.55 C.12
14, Buzuluk-Andrayevka 1934 62 1.43 ¢.01
1.88 C.-0
15, Pleshkino-Kotlas 1936 13 1,60 C.05
16, Sukhona-Pleshkino 1936 555 1,45 -
1,25 0.17
1.36 0.13
1,95 .06
17. Cherepovets-Rybinsk 1937 219 klm 1,47 mm G.33 mm
High Precision leveling in 1937
) Errors per 1 km
Link Length Accidental Systematic
l. Orsha-Vyaz'uma “94 klm 1.00 nmm J.18 mm
2. Vyaz'ma-Odintsovo <33 1.1 3,10
3. Bryansk-Khar'kov Lé7 1,2 ). 35
L, Svyatogorskaya-Khitseperovka 172 1.07 3,20
5. Moskva-Ryazan! 198 1.31 J.12
6. Rostov-Taganrog 76 1.73 0,23
7. Likhaya-Aksay 140 0.95 .48
8. Stalingrad-Ilovlaya 84 0.79 .12
9. Kirovabad-Balm 368 0.82 3.10
10, Kirovabad-Cori 273 1.04 3.05
11. Gori-Batumi “71 0.93 J.11
12, lLinusinsk-Kandoms 358 1.40 Wik
13. Bureya-Svobodnyy 22 0,56 4,09
14, Bureya-Esaulovka is? 1.11 0.23
15. Esaulovka-Birobidzhan 163 1,10 3,13
16, Birobidzhan-Khabarovsk 192 0,99 2,10
17. Gudermez-Alyat L35 0.83 5,14
0,07 1,04
18, Alyat-Evlakh 210 0,832 0,10
19, Samtredi-Batumskiy port 106 0.93 .11
20. Trusovo-Vyshka , 22 0.69 .99
21, Zvlakh-Migkhet 283 0.82 0,10
1.04 {5005
22, Likhaya-Stalingrad 402 0.95 t.17
23. Miskhet-Samtredi 56 1.04 .05
24, Sankovo-Rybinsk 106 0.30 0,04
25. Dosnag-Gurtyev LOO k1m 1.00 mm 1,02 mn

.
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Leveling done by the Moscow
Aero-ireodetic Zstablishment, 1938-1940

irrors ver 1 km

Link Year Length  Accidental Systematic
1. TUlt'yanovsk-Sviyazksk 1938 192 klm 0.90 mm (1,20 mm
2. Smyshlyayevka-Chasovnya 1933 358
1lst section 1938 60 0.93 (.31
2nd section 1933 L 1.16 (:.32
3rd section 1933 34 0,38 (:,08
Lth section 1938 7 0,80 (1,02
5th sectinn 1938 78 0.54 (.04
3. Rozhdestveno-Perevoloki 1939 117 0.38 G.24
L, Xuybyshev-Batraki 1939 152 0.37 .08
5. Novosemeykino-Xr., Glinka 1939 L 1.06 .03
6. Smyshlyayevka-Kuybyshev 1939 37 1.97 (1,71
7. Rybinsk- Gor'kiy 1939 550
1st section 1939 80 0.h7 0,17
2nd section 1939 74 1,72 4,31
3rd section 1939 178 1.4 .07
L4th section 1939 117 1.1 .37
8. CGor'kiy-Cheboksary 1940 308 0.91 (.15
9. Sokol'yi-Gory-Pichkasy 1939
1st section 1939 60 0.80 :.09
2nd section 1939 180 0.71 (.06
3rd section 1939 biy 1.15 .14
10. Sokol'yi-Gory-Kukmor 1939 14y 0.78 0,10
11. Orsha-itolbtsy 1940 31z 1,04 0,27
12, Polotsk~Prozorovki 19490 55 ° 1.28 (02
13, Likhoslavl'-Bryansk 1940 528 0.97 (1,20
14, Cheboksary-Sviazhsk 1940 124 0,90 .10
15. Kuybyshev-B. Glushitsa 1938 115 1,92 .33
16. B, Glushitsa-Konstantinovka 1938 28 1,40 0,158
17. Konstantinovka-B., Tavclzhanka 19383 oL 1.32 .00
18. Ivanteyevka-Duitriyevka 1938 85 1.48 0,24
19, Puyachevsk-Mayangp 1933 116 1,10 0.10
20, Aleksandrov-Mokrous 1938 64 1.40 t, 22
21. Yershov-Novoretskoye . 1938 39 2,20 0,54
22. MNovoretskoye-Novouzensk 1933 gl 1,40 0,19
23, Novoretskoye-Krasnyy Kut 1938 141 1.50 0,29
24, F¥ras. Kut-Kochetnzyn 1633 77 1,34 0,36
25. Halouzensk-Laplasovka 1938 111 1.81 0,24
26. Vasil'yevskoye-Tatartsevo 1938 96 1.30 0,05
27. Mayanga-Lipovka 1939 Ly 1,17 0,06
28, Pugachevsk-Goryainovka 1939 60 1.37 W0k
29. Pugachevsk-Ivesrda 1939 173 1,51 0,0l
30. Androsovke-Yablonovayy Vrag 1939 88 2.8 t 41
31. lLonstantinovlzn-Chernen 1939 59 1.08 “, 6
32, Glyshitsa-Andreysvka 1939 120 1.41 ©,10
33. Bezimyannaya-Shirekerew 1939 75 0.4L3 .18
34, Suthoy Ostrog-Kamennsaya 1939 Lo 1.13 ¢.28
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Zrrors per 1 km

Link Year Length  Accldental Systematic
35. Mokrous-Borisoglebtovka 1939 37 km 1,40 mm 1,79 mm
36, Stavropol'-Khryashchevaya 1939 64 116 ¢,3
37. Melekess~-Bol'shoy Yar 1938 77 1.06 0,28
38, Serglyevsk-Semeykino 1938 108 1.20 0,05
39. Atkarsk-Vol'sk 1938 269 1,44 0,11
LO, Penza-Petrovsk 1940 100 1.50 0.32
41, Linevo Ozero-Baratsevka 1940 119 0.99 0.14
42, Vasil'sursk-Alatyr! 1940 213 1,20 0,14
43, Ul'yanovsk-Beresovka 1940 216 km 1.°'0 mm 0,14 mm
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APPENDIX II

SOME NOTES CONCEZRNING SOVIET LEVELING

25X1A5a1
A. CLAUS3ZS OF LEVELING

There are four classes of leveling used in the U,%.S.R.: spirit level-
ing, trigonomatrical leveling, "physical" (barometric) leveling and mechani-
cal leveling (used for drawing vrofiles),

Spirit leveling is of five classes:

(1) This class of leveling is of high precision and serves s the

basic network on which other classes of spirit leveling denend,
Circuits comorised of leveling of this category have a cerimeter
of 800-1000 kilometers and are usually laid out along railroads,
main highways and large rivers,

(2) Second class leveling is usually called "preci:e leveling®, and

consists of leveling lines run within the area of first-cliass
circuits. Such lines never exceed 400 kilometers in leagth,

Aporoved instructions for leveling of the above two classes rejuire

accuracies as follows:

\

First class -~ sgystematic error~ 0.2 - 0.3 mn
accidental error- 1.5 mm per kilomater

mm
mn per kilomater

o &= wnob

Second clags - systematic error- O,
accidental error- Z.

(3) Third class leveling may have a systematic error of 0,6 mm and
an accidental error of ",0 mm per kilometer.

(4) Fourth class leveling m~y have a systematic error of 1.7 rmm and
an accidental error of 72,4 mm per kilometer,

(5) There are no fixed limits of error for fifth class leveling.
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B. ZERO PCINTS

There are four main “zero" points for leveling in ths U.5.S, ‘.t
(1) Mean sea level at the Kronshfadt tide gauge in the Baltic Sea
(2) Mean sea level at thas Theodosia (Feodbsiya) on the Blac: sea
(3) Barometer at ﬁhe Tashkent Geophysical Obgervatory

(4) Mean sea level at the Vladivostok tide gauge

Leveling done in the Surcvean oart of the U.S.5.R. is measured from
the Xronshtadt zero vpoint. Because this point is located on kotlin Island,
it is very difficult to measure this point for mainland operations for
every leveling line that is run. Therefore, permansnt bsnch marks, care-
fully measured in reference to Kronshtadt, were established at Oranienbaun
and lenirgrad,

Elevation at Oranienbaum - 5.4608 m.
Leningrad - 5.372 m.

In 1931 & leveling route wns mezsured between Oranienbaum and Chudove.
So~called "fundamental" bench marks wvere set along it. Three of these wera
egtablished zs the main bench marks and slx were established as check ncints.,
High nrecicicn leveling measurements in XZuropean U,S5.:.F. establizhed a
difference in sea level between the ’ilack and Baltic eas to be sbout 0,14
reters (Baltic Sea level is the higher).

Russian-Swise methods were used tc perform this leveling (beck and
forward Qbservaticns). Bench marks were established at six kilomster in-
tervals., At route inter;ections two Vench marke were set either in buiid-
ing walls or on poles.

Instrments used were of the Reichenbach type but made in ths Soviet

factories, "CGeocdeziya" and "Geofizika".
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The following table illustrates precision of observaticns ani the

accuracy of reduction for laveling of first class:

Correction Correction

Distance- over the on cne ¥m,

No. Leveling linss in ¥m, entire route of tiae route

' — in mm, 1a mm,
1. D'etskoye Selc-Vologda 597,32 + 146,76 + 0,246
2. VYologda-Moskva 507.0 + 106,03 + 0,13
3. Hoskva-Rzhev by, 2 + 6,6 + 0,027
4. Rzhev-Novosokol'n'iki 274,6 + 8.17 + 3,033
5. YNovosokol'n'iki-Dno 176.7 + 15.49 + 0,089
6. Dno-D'etskoye Selo 223.5 + 24,74 + 0,111
7. Moskva-Moskva 12,6 - 1.85 - 0,099
8. Moskva-Moskva 9.4 + 0,10 + 0,011
9. Moskva-Moskva ' 7.2 + 0.2358 + G049
10, Bryansk-Gomel! 28,3 + 72,190 .+ 0,056
11, Comel'-Rogachev 111.1 + 6,01 + 0,054
12, Rogachev-Orsha 1742 + 12,47 + 0,072
13. Orsha-Novosoiol'rntii-i 235.4 + 20,36 + 0,089
14, Fosiva-Tula 194, 5 + 11,37 + 0,058
15. Tula-Gorbachevo 83.3 + 2,90 + (,035
16. Corbachevo-Orel 110.1 + 14,34 + C,135
17. Orel-Dryansk 136.7 + 21,12 + C.l54
18, ¥hartkov-Darntitsy 492, 1 - 119.08 - 0,242
19, Darn'itsy-Pl'iski 155.8 - 15.73 - (.101
20, Pltisgki-Gomel' 226.6 - 29,L9 - 0,130
21, Proskva-Orekhove Znyeve Gl.5 +  7.77 + £,085
22, Orekhovo Zuyevo-Cor'kiy 366,9 + 80,7« + (220
23, Gor'tkly-Arzamas 134.¢ + 14.35 + 0,106
24, Arzemas-Ruszayevia 23,4 + 35,87 + 0,154
25, Ruzayevka-Ryara2nt AN + 92,37 + 0,18
26, Ryazhsk-Ryazen! 117.2 - 10,14 - 0,087
27. Skopin-loskva P06 + 47 b7 + ,183
28. Byazhsk-Skovin Lé, O + 2.4 + 0,059
29. HRuzayevka-Penza 139,8 - 2,09 - 0,015
30, Penza-Rt'ishchevo 151.8 - 2.39 - 3,017
31, Rt'ishchevo-kt'ishchevo L4 + 0,02 + 0,005
32, Rt'ishchevo-Kozlov ' 26,1 + 6 + G.025
33. Kozlov-Bogoyavl'ensk Lo.4 + 0,36 + 0,009
34. Pogoyavl'enslk-Rynzhsk 55.9 -  C.09 - 0,002
35. Gorbachevco-Volovo 65.0 - 4,70 - 0,072
36, Volcvo-Bogoyavi'ensk 179.6 - 3.9 - 0,022
37. Valuyka-Volovo 7.0 + 108,70 + 0,228
38. Rt'ishchevo-Povorino 10,0 - 0.9 - ¢.004
39. Povorino-Valuyki 387.3 -  2.53 - 0,007
LO, Valuyki-¥Khar'kov 208.5 - 75.38 - 0,124
L1, Ruzayevka-L'ipyagl 704, 5 + 68,5k + 0,097
2. L'ipyagi-Urbakh 375.4 + 21,06 + 0,057
43. VUrbalh-Frasavka 181.8 + 5.9 + 0.033
L, ¥rasavia-Rtishcheve 100.6 + 2,29 + 0,023
&
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C. CATATOGS

Levaling observations so adjusted have been included in the following

catalogs, lmown to be available in this country:

1. Xatalog vysot Russlkoy nivelirmoy seti s 1871 »o 1893, sc¢stavlennyy
s. D. Ryl;ke.. (Catalog of the Ruscian Leveling Setwork From 1871
to 1893, compiled by . D. Bvi'‘ke)

2. Xatalog vysot marok i reperov vysokotochnoge nivelirevaniya,
ispol'nennogo glavnym geodezicheskim upravleniyem i uprevleniyemn
voyennykh topografov v fevropeyskoy chastl & $ S R g 187 -1632 ge,
izdan v 1934 g. O U T 1 (Catelog of Hlevations, Marker: and Bench
Marks of High Precision lLeveling Performed by the tiain Geodetic
Administration and th» Administration of Military Topogrzphers in
the FTuropean Part of the U.5.5.H. from 187% to 193%. Printed in
1934 by O K T I,

This catalog contains observations for 230 leveling poiyrns and
leveling lines of which €6 are of the most precise type.

3. Pervcye dopolneniye k katalogii vysot marok i reperov vy:ckotochnogo
i tochnofo nivelircvanlye ispol'nennogo glavnym geodeziclieskim
upravleniyvem 1 upravleniyem voyennykh tomografcv v Yevroreyskoy
chasti 5 5 5 R = 18785-1932 g., Izdanoc OH T I v 1935¢.

(First suprlement to the Catalog of Zlevations, larkerc, and Bench
Marke of Hiph Precicion Levelling Performed by the Main Ceodetice
Administration and the Administration of Military Topogrnshers in
the Turopean Part of the U.9,Y¥.B. from 1€75 to 1934, Printed in
1935 by O N T I.

This catalog contains observations for 30 lines of precie levelirng.
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4, Svodnyy katalog vysot, marok i repsrov nivelirovok raznylh razryadov

ispollnennykh VO T i drugimi organizatsiyami v srednea: ivatskey
. chasti S S S R g 18G4-1934 g,

(Composite Cataleog of Blevatjqns, Markers and Zench Mark: of level-
ing of Varicus Classes Performed by the V ¢ T and Othar Orcaniza.
tions in the Central 4isian Area in 1894-1934),

5., DTonolneniye k vremennomu katalogii sibirskikh nivelirovel 1937 ¢.
(Supplement to ths Provisionzl Catalog of Leveling in 3iberia, 1937),

€. Leveling of the Western Belorussia and Western Ukraine Arens,

) D, TRIGOROMATRICAL LZVZLING

Trigonometrical leveling is not belng used in the Soviet Union at the

present time becouse of its low precision.

E. F"PHYSICAL" IEVELING

Physical leveling inc¢ludes both barometric and hypyometric leveling.
Actunlly in v»ractice they are used simultanecusly. Barometric leveling is
operational in character and hypsometric leveling is used to aciuirs sup-
plementary control. Both are -1sed in regions of difficult accessibility,
esvecially in the tayga and tundra areaus. In such areas slevations are
obtain=d in these ways at pointg of racognition in aerial photogreshs. Huch
leveling lines are Inid out in 1.5 lm siunres; thot is, ready for wse with
maps on a 1:1C0,000 scale. Ip:truments used in such cporations irclude
several aneroid barometers, sling thermometers, barograrh hypsometers,

mercvry barorieter and a chrcenometer, Hours fixed for cboervation ara =t
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7, 10, and 12 A.M, and 3 and & P.M,, local standard tize. The observation
period is ten days. Leveling routes nay be lines or rolygons.

F. MECHANICAL LEVAELING (TiCHWICAL)

lHechanical leveling it parformed by drawvipg profiles across selected
arecs., For these nurroses special instruments are used: (1) Khiriov level,
invented by Leontovskiy,- a pendulum level of complex constructicn affixed
to & bicycle. Deviations of the pendulum from the normal to the earth's
surface along mensured distances, aré drawn on a specinl graph viper with
the elevations indicated to a selected scale. (2) Mosl'va level, invented
by Drobyshev. (3) Level of MiPS, invented by Artancv. Both the osiva
and the NKP level are more comnlex in construction than the Kharkov level,
and both are based on ths pendulum principle. (4) Ranben's level. The
main part of this level is n mercury level in two tubes and there is an
electric elevation meter. 'Mhis instrument is also fairly comilex and is
mount-d on a bicycls,

All of the above named e :uipment are of the so-cnllad "autom:lic® tyvpa

and were made either «t "Geodeziya" or "Geofizika® factories,

G. PROGRESS OF SOVIET ADJUSTMENT OF LEVELING

The Soviets started their over-all adjustment of their leveling net.-
work in 1947, using Lronshtadt as the zero voint. Their adju: trent was
divided into three narts.
The first part consisted in adjusting all leveling west of the krone tadt-

Leningrad-Moskva-ievactopcl' line.
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The second part con:isted of adjusting all leveling east of the above
line, which includes the Caucasus, West Siberia, Kazakhstan end Cerntral
Asia, _

The third oart included all leveling east of Novosibirsk in the Soviet

Far Zast areas.

H. LuVILING ACCURACY

Netermination of the accuracy of leveling adjustmeﬁts are mad= by

using the following formulas:

ga_ L[5%]— [d?]
a((£27-Lr?7)

72= [o”]‘g:j]' £S*7
it 2

S Pann 2
W= il
A"Z

where

5 1s the mean systemnatic ;rror in one rilometer of the route; 4 {in )
is the difference betwsen the forward :nd back observations betwern two
points in the route; /° (in ¥m) is the distance batween the two Doints;

S (in mm) is the elevetion in # di-tance of the lengthdl of & lin: at the
forwnrd =nd back observotions: o is the length of a linik along th- route
wheras an elevation difference reaches (5) stioulated by the systemantic
error at forward and back observution:;zz iz the nmean nccidental arror in
one silometer of the route; and Haua. (in ¥m) is the elevation difference

at the forwsrd and back adjustments of the entire route,
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In order to compare the accuracy of Soviet leveling results with those

of other countries, the errors & and 7 must be computed according o the

following formulas:
zzij[dz]_[f‘z] . S2 S
DA T L1 Z
2 S2
0% itz (27

Weights must be comruted by the formula:

b , K
/ mg
where

P jc the weight, k is a constant and m is the total mean error of the ob-

servations over the entire route or along a vart of it; in which latter case

the forrualsn

2 2 2 rp
must be used, wher:
P (in kn) is the length of the section of the route, ':ving a s stematic

error 8.

The Soviets call this ieveling system based on Kronshtadt, thie "Baltich

system.,
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Status of leveling of lst and 2nd order in the U.S.S.R. as for Jammary 1944.
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1. Leveling work performed by the 60K 3. Laveling work performed by VIU
pri SHK SSSR, first order. and KVE, second order.
2, lLeveling work performed by the GUGK. 4, Leveling work performed by various
pri SNK SSSB, second order. departments, secend order.
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